Introduction: Prophylactic surgical drains are commonly used in Nigeria following intramedullary nailing (IMN) of long bone diaphyseal fractures. However, evidence in the literature suggests that drains do not confer any benefit and predispose clean wounds to infection. This study compares outcomes between patients treated with and without prophylactic surgical drainage following diaphyseal long bone fractures treated with IMN. Methods: A prospective cohort study with randomization was conducted at a tertiary referral center in Enugu, Nigeria. Investigators included skeletally mature patients with diaphyseal long bone (femur, tibia, humerus) fractures treated with SIGN IMN. Patients followed-up at 5, 14, and 30 days post-operatively. The primary outcome was surgical site infection (SSI) rate. Secondary outcomes included post-operative pain at 6 and 12 h, need for blood transfusion, wound characteristics (swelling, ecchymosis, and gaping), need for dressing changes, and length of hospital stay. Results: Of the enrolled patients, 76 (96%) of 79 completed 30-day follow-up. SSI rate was associated with patients who received a prophylactic drain versus those who did not (23.7% vs. 10.5%, p = 0.007). There were no significant differences in transfusion need (p = 0.22), wound swelling (p = 0.74), wound ecchymosis (p = 1.00), wound gaping (p = 1.00), dressing change need (p = 0.31), post-operative pain at 6 h (p = 0.25) or 12 h (p = 0.57), or length of stay (p = 0.95). Discussion: Surgical drain placement following IMN of diaphyseal long bone fractures is associated with a significantly higher risk of SSI. Reducing surgical drain use following orthopaedic injuries in lower resource settings may translate to reduced infection rates.
Introduction
Prophylactic surgical wound drains are commonly used in resource poor settings, particularly following intramedullary nailing (IMN) of long bone diaphyseal fractures with readily available Surgical Implant Generation Network (SIGN) nails [1] [2] [3] . Drains are used in these settings due to the lack of advanced operative equipment such as electrocautery and minimal access techniques, and it continues to remain the standard of care in some resource limited settings [4] . Prophylactic surgical drainage following musculoskeletal injuries has been suggested to reduce hematoma formation and surgical site infection (SSI), to decrease wound swelling and the sequelae of compartment syndrome, and to enhance the local wound environment [5] [6] [7] [8] .
However, the indications for drain use in resource-poor settings are controversial. Recent evidence suggests that prophylactic drains do not confer any benefit and predispose clean wounds to infection [4, 9] . Wound drainage following open reduction and internal fixation of femoral fractures has shown no significant difference in the rate of wound infection [6, [10] [11] [12] . Thus, prophylactic surgical drainage following clean IMN procedures occurs in the absence of evidence demonstrating improved patient outcomes and contributes to increased cost of care. Ikpeme et al. reported that prophylactic wound drainage conferred no patient outcome advantages while contributing to increased patient costs in a Nigerian teaching hospital [4] .
There is limited evidence in the literature describing the use of surgical drains for wound management in resource limited settings, particularly as it pertains to orthopaedic surgeries. The additional cost to patients and the unresolved effect of drains on patient outcomes necessitates further study of prophylactic drainage in orthopaedic surgical procedures in resource poor settings [6] [7] [8] 13] . This study aims to fill this gap in the literature by determining patient outcomes following prophylactic surgical wound drainage versus no-drainage, among patients with diaphyseal long bone fractures treated with SIGN IMN.
Materials and methods
We conducted a prospective cohort study with randomization at a tertiary referral center in Enugu, Nigeria between January 2016 and December 2016. Institutional review board approval was obtained from the hospital ethical committee. Informed consent was obtained from all individual participants included in the study. Sample size was calculated as 79 patients based on data collected from a pilot study, with a (two-tailed) set at 0.05 and b at 0.20.
All adult patients presenting to the Outpatient Surgery or Accident and Emergency departments with closed, extraarticular diaphyseal femoral, tibial, or humeral fractures treated with the SIGN IMN (SIGN Fracture Care International, Richland, WA) were screened. Patients were enrolled if they provided written informed consent and did not meet any of the following exclusion criteria: (a) delayed presentation (> 3 months first contact post-fracture); (b) open fracture; (c) malunion or nonunion; (d) intra-articular fractures; (e) skeletal immaturity; or (f) history of immunosuppression. Immunosuppression history was defined as either positive history of HIV/AIDS, poorly controlled diabetes mellitus (fasting blood glucose ! 7.1 mmol/L at pre-operative evaluation), or prior extended use of systemic steroids.
Patients were randomized to each treatment arm in the preoperative setting using sequential randomization. The study team cut paper into pieces with drain or no drain written on each piece and selected these pieces from an envelope. Information recorded at enrollment included patient demographics, comorbidities, injury factors, and treatment factors. The control group received a closed suction drain at the time of wound closure per standard of care at the study setting. The intervention group received no suction drain at the time of wound closure. The surgeon performing the procedure was blinded to the patient's trial arm until the time of wound closure when the drain was placed.
All patients received pre-operative systemic antibiotics (1-gram IV Ceftriaxone). Consultant surgeons or senior registrars under the direct supervision of a consultant performed all surgeries and used standard surgical approaches for each long bone diaphyseal fracture [14] . All cases were completed utilizing an open reduction procedure in order to assist with fracture reduction and subsequent placement of the SIGN IMN in either an antegrade or retrograde manner. All intervention group patients received a sterile 50 mm closed Redivac OEC 1800 HS drain tube (Northamptonshire, UK) attached to a negative pressure suction bottle at the time of wound closure. The surgical team inserted drains at the wound site for the fracture reduction and anchored them under the fascia layer with a non-absorbable suture. They applied sterile gauze and cottonwool dressings to the wound and around the drain site.
Nursing staff, not otherwise involved in the study, removed drains 48 h after insertion in a standardized manner without disruption of the wound site. Nursing staff additionally assessed patient pain at 6 h and 12 h post-operatively via 10-point Visual Analog Scale (VAS).
A rotating group of surgeons evaluated patients on postoperative days 5 (inpatient), 14 (outpatient visit, time of suture removal), and 30 (outpatient visit). The primary outcome of the study was surgical site infection (SSI). Study personnel evaluated wounds for infection using Centers for Disease Control and Prevention (CDC) criteria [15] and assessed wound ecchymosis and wound swelling on post-operative day 5. Ecchymosis was defined as appreciable hyperpigmentation within 3 cm of wound borders and swelling was a clinical diagnosis defined as appreciable swelling at the wound site. The study group also evaluated wound gaping on post-operative day 14 following suture removal and defined it as poor approximation of wound edges following suture removal with exposure of deep tissue.
Descriptive and analytic statistics were performed using STATA (StataCorp LLC, College Station, TX). Continuous data were assessed via Student's t-test for parametric data and the Wilcoxon rank-sum test for non-parametric data. Categorical data were assessed via Pearson's Chi-square test and Fisher's exact test. A multivariate logistic regression was performed to assess the influence of baseline characteristics on risk of SSI.
Results
A total of 96 patients with extraarticular diaphyseal long bone fractures treated with SIGN IMN were screened, and 79 were enrolled ( Figure 1 ). Three patients were lost to followup following discharge from the hospital (1 in the control group, and 2 in the intervention group). The remaining patients completed a 30-day follow-up and were included in data analysis.
There were 38 patients in each study group. There were no significance differences between the control and intervention groups with regard to age, sex, mechanism of injury, injury laterality, anatomic site of the fracture along the diaphysis, or by surgeon training status (Table 1 ). However, patients in the drain group were more likely to have experienced humeral fractures, whereas patients in the no drain group were more likely to have experienced femoral fractures (p = 0.002).
At final follow-up, 11 patients developed SSI; 10 in the drain group and 1 in the no drain group ( Table 2 , p = 0.007). There were no significant differences between the drain and no drain groups with regards to blood transfusion requirements during the post-operative period (p = 0.222), wound swelling (p = 0.736), wound ecchymosis (p = 1.000), wound gaping (p = 1.000), or need for dressing changes (p = 0.305). Similarly, there were no significance differences between the control and intervention groups with regards to post-operative pain at 6 h (p = 0.249), 12 h (p = 0.566), or in length of hospital stay (p = 0.949).
On multivariate analysis, absence of a prophylactic drain was associated with decreased odds of SSI (Table 3 , OR = 0.042, p = 0.015). The bone involved was not associated with SSI in the model (p = 0.531). Both patient gender (female > male, p = 0.036) and surgeon status (senior registrar > consultant, p = 0.025) were associated with SSI.
Discussion
The aim of this prospective cohort study with randomization was to compare outcomes between patients treated and not treated with prophylactic surgical drainage following SIGN IMN of diaphyseal long bone fractures. The primary outcome was rate of SSI. This is the first prospective study in a resource limited setting to present outcomes of prophylactic drain use in patients with traumatic long bone fractures, and this study is additionally relevant to surgeons in resource limited settings where drains continue to be the standard of practice for the post-operative management of long-bone fractures. We find that not using drains is associated with a significant reduction of SSI following IMN of long bone fractures.
Despite randomization, the control group contained more humerus fractures, whereas the intervention group contained more femoral fractures at the time of enrollment. To control for the effect of bone type, we conducted a multivariate logistic regression of drain use, bone type, sex and surgeon status against SSI. Bone type was, perhaps surprisingly, not associated with SSI on multivariate analysis. There is evidence that infections are generally less common in upper extremity fractures as compared to lower extremity traumatic fractures [16, 17] . The data for this variable in our study demonstrate a wide confidence interval, and our study is likely underpowered to detect a difference beyond that of differing infection rates among the entire patient cohort. In patients with SSI, all infections were superficial and responded to culture sensitive antibiotic therapy and local wound care. These findings are consistent with results from a study of orthopaedic surgery patients of any type that reported a 12.8% rate of superficial wound infection with drain use and 3.2% without drain use [4] . Our findings support the evidence that drain use in orthopaedic wounds is associated with a higher risk of surgical site infection [4, 18] . However, prior literature is equivocal with several studies demonstrating no difference or even decreased rates of infection with drain use [10, 19, 20] . Multi-center studies with standardized drain procedures would clarify the effect of prophylactic drain use on the infection rate in orthopaedic surgical wounds. Interestingly, females demonstrated a strong association with increased risk of SSI compared to males. Some previous Nigerian literature has demonstrated a trend towards increased infections in females following surgical procedures of any type [18, [21] [22] [23] . Conversely, other Nigerian studies have demonstrated no significant difference between sexes in risk of SSI following orthopaedic procedures [24] [25] [26] . Local cultural factors may be the source of this difference. However, it should be noted that there were discrepant proportions among the treatment arms between genders, and there were more females in the control group that ultimately had more SSI. There is a need for future studies to establish whether this is a true finding.
We additionally report that lower level of surgical training is associated with risk of SSI. Surgeries conducted by a senior registrar under the supervision of a consultant yielded a higher rate of SSI in patients receiving drains. Senior registrars in Nigeria are surgeons who have completed their primary training but are not permitted to perform independent operation. They are comparable to fellows in the United States. The increased risk of infection associated with senior registrars may be due to a multitude of factors including lack of experience in managing complex surgical wounds, increased operation duration, and decreased operative volume [27, 28] . Increased trainee participation has been associated with increased risk of SSI in the orthopaedic literature [29] , and it is important for consultants to ensure that trainees are provided adequate assistance in minimizing operation duration and treating complex orthopaedic pathology.
The results of this study may also have cost implications regarding drain use. Lowering healthcare associated costs is an ongoing objective of many low-and middle-income countries (LMICs), and the use of drains in orthopaedic surgery is associated with increased cost [4, 30] . Khanal et al. reported that cost of treatment, inclusive of drain use, was higher than other routine orthopaedic cases [19] , and the average drain costs in similar studies have been cited as 25-30 USD [4, 10] . Although drain cost is variable, it adds to the financial burden of healthcare for many patients in LMICs.
This study is novel in that it is exceedingly difficult to conduct an effective prospective cohort study with randomization in a LMIC. However, there are limitations. There is a disparity in the distribution of fractures by bone between the control and the intervention groups. Given that other baseline characteristics were similar between groups, this disparity is likely a product of small sample size. The study is also underpowered to detect a difference for various subgroup analyses of the individual long bones. Assessment of wound gaping, swelling, and ecchymosis is subjective, and although the same group of 3 surgeons assessed each wound, we did not assess intra-observer reliability. The follow-up period duration in this study was limited to one month, because we hypothesized that the impact of drain use on SSI would fall in the immediate post-operative period. The follow-up duration led to a 96% follow-up rate which is a significant achievement in the study setting. Future studies would ideally follow-up patients over the entire 1-year follow-up period. Finally, we report data obtained from a single institution in Nigeria which raises concerns of generalizability to other centers in different resource limited settings.
Conclusion
We report novel data from a prospective cohort study with randomization in a resource limited country with significant implications for management of orthopaedic patients. We find that surgical drain use following SIGN nailing of diaphyseal long bone fractures is associated with a significantly higher risk of surgical site infection. Reduced use of surgical drains following orthopaedic injuries in lower resource settings may translate to lower rates of infection.
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